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red blood cells. The hypoxic effect of methemoglobin results not
only from an inability of the oxidized hemoglobin to transport oxygen,
but also from interference by methemoglobin with normal delivery of
oxygen transported by oxyhemoglobin. The latter effect was originally
suggested by Darling and Roughton (1942) and has been confirmed in
more recent years (Brewer, 1972; Enoki et_ ail., 1969). Approximately
1% of the hemoglobin circulates as methemoglobin in the normal adult;
in children, it is usually less than 2%. Clinical cyanosis usually
appears when approximately 10% of the hemoglobin is converted to
methemoglobin; symptoms of cerebral anoxia supervene at approximately
20%; and stupor, coma, and death usually result when conversion
levels reach 60% or more.

Patients with mild methemoglobinemia may be treated with oral
doses of ascorbic acid administered 3 times daily. When patients
are in extremis, immediate intravenous injection of methylene blue,
which rapidly reverses the methemoglobinemia, is usually life-saving.

There are no proven cases of chronic sequelae of nitrite- or
nitrate-induced methemoglobinemia in humans. Petukhov et al. (1972)
reported slightly delayed reaction time in children drinking" water
containing high levels of nitrate (average, 105 mg/liter); however,
this effect, if confirmed, may not be specifically related to methe-
moglobinemia. A delayed reaction time was also observed in mice
that were given drinking water containing up to 2,000 mg of sodium
nitrite per liter and enough ascorbic acid to inhibit the formation
of methemoglobin (Shuval and Gruener, 1972).

The true incidence of methemoglobinemia in the United States is
not known since there are no regulations requiring that cases be
reported. However, approximately 2,000 cases were documented in
North America and Europe between 1945 and 1971 (Shuval and Gruener,
1971).  In the United States, from 1939 to 1950, there were reports
of approximately 320 cases of methemoglobinemia in Infants who
ingested nitrate-rich well water (Walton, 1951). In the Federal
Republic of Germany, where some of the best data are available (Simon
et al., 1964), 745 cases between 1956 and 1964 were attributed to
wat^r containing high concentrations of nitrate. Private wells had
supplied the water for 97.3% of these cases; public water supplies
had been used by the remaining 2.7%. Eighty-four percent were re-
lated to water supplies containing more than 100 mg of nitrate per
liter. Nitrite was detectable in samples of water used by only 10%
of these cases.

Infants are at greatest risk of developing methemoglobinemia   \
from excessive intake of nitrate. This increased susceptibility    ;
is related to at least four factors (Anonymous, 1966; Lee, 1970;    j
Phillips, 1971).  First, fetal hemoglobin is much more readily
oxidized than hemoglobin in adults. At birth, between 60% and
80% of the hemoglobin remains in the immature form of the molecule,